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Any process which will produce neutrinos is of great interest in
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stellar evolution. Since it has been possible to create a renormalizeble 4£;7PCQI/
intermediate vector boson theory, we have attempted to apply it to processes
that have previously been inaccessible to ready computation. Thus, we have
considered the neutrino form factor which leads to neutrino emission via the
processl Y (plasmon) =# v + ¥V and

Y+Y "V +V,

However, the latter can also be calculated on the basis of the con-
served vector current if one of the photons is a coulomb photon, i.e.
Y+ Z 27 +v + 7
where Z is a nucleus of charge 7, assumed to be infinitely heavy. If the
coulomb photon is replaced by a real photon, the matrix element vanishegg.
This process was calculated by Matinyan and Tsilosani3. Their fesult is
clearly incorrect since it is not gauge invariant. We have thus recalculated

this process*.

By virtue of the conserved vector current hypothesis, and the current-
current interaction hypothesis, there is a term in the weak interaction

hamiltonian of the form

) ¥

-/ /oY v
., = Cp/ /2Y2y0(1+y5)\yv ¥ov, (1L +vy 2

2 V2 >

where Yz is the lepton field and Yv is the corresponding neutrinc field.
£

If one applies Fierz transformation to this term, \
_ - Hard copy (HC\Z_(L_-
", =GF//2 Yy v (L)Y, ¥

v, (L+v )Y
Vg © >" V4 Microfiche (MF)_Q‘QP
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* After completion of this work, we discovered that this process was
calculated correctly by L. Rosenberg, Phys. Rev. 129, 2786 (1963)




The lepton interacts with the electromagnetic field via the interaction
Rem = ' % Wy A

Hence there are two diagrams
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Gauge invariance imposes the conditions

. Q o’
R Wy = 1v Huy =0

o
We can write Huv in terms of the following eight form factors:

H'AV = F‘ £°(ﬂ.‘\f0' hq. + Fl Ed‘kvv 16-

+ F3 F—“vfx k?%)‘ hul + Fq E’va" krix 10(

t Fe fappakpqa vt Fo Tauen Reqa gv

v P faverkpqa Rt Fr favea Reqa qm

As will be seen, Fl and F‘2 are infinite and require a renormalization; all

other form factors are finite. However, because of the requirement of gauge
invariance, we shall see that Fl and F2 can be eliminated in terms of the

others and thus, we shall arrive at a finite, gauge invariant, renormalized

result.
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Since k2 = 0,
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Thus, we replace F2 by k-q F8 and Fl by q2F6 + k-q FS' We must now compute

F3, Fh’ F5, F6, F7, F8. As we shall see, F3 and Fh never appear.
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This value of 0 is very good for Muonneutrinos for all values of k of
interest in astrophysics since KT ~ 1 Mev in the problems of interest and

m, = 104 Mev. But for electron neutrinos this is not correct.
The luminosity in this case is
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where N is average number density of elements in the star and._i2 is the

average charge of the elements, i.e.
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For other values of k, F (k,q) is being evaluated on a computer
and the neutrino luminosity computed as well.

Matinyan and Tsilosani estimated the process Y +Y = v + v
making use of the intermediate vector boson. That result is also clearly
not gauge invariant and, thus, incorrect. We have started the evaluation

of this process. The diagrams which contribute are
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Note that all matrix elements are finite if integrated symmetrically

since then the most singular piece of the integral behaves like

N N TR

The integrals will be evaluated by computer and the cross-sections and

neutrino luminosities computed.
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